Abstract Protein beverages have been in demand due to an increasing consumers' interest in healthy eating habit. However, there is an increased concern on the use of genetic modified (GM) ingredient in the food product. This study aimed to develop protein hydrolysate beverages using a non-GM soybean (R08-4004/high protein line) grown in Arkansas. Protein isolate was prepared from the soybean using alkaline method (pH 9.5). Due to its poor solubility in acidic condition, alcalase 2.4 L (food grade protease) hydrolyzed soy protein was used to develop a beverage containing 20 g protein per serving (500 mL). Three flavored beverages: Chai tea (C), tangerine (T), and mixed berries (MB) were prepared using bitter blocker, masking agent, and citric acid to minimize an unpleasant bitter taste developed in the soy hydrolysates. Protein solubility, pH, microbial growth, instrumental color parameters, and turbidity were measured to evaluate the shelf-life stability of the beverages at refrigerated storage (5°C) for 42 days. Beverages T and MB received overall highest scores from the sensory panel. Citric acid alone or in combination with bitter blocker or masking agent lowered the bitterness. Pasteurization (90-95°C for 5 min) was effective in preventing microbial growth. Although pH remained constant, decrease in protein solubility and color changes were observed over the storage time in all the three flavored beverages. Cloudiness in beverage C increased over the storage period while beverages T and MB were very stable. Overall, T and MB flavored beverages have the potential for commercial application.
Introduction
Since the Food and Drug 21 Administration (FDA) approved the claim about the association between soy protein and the 22 reduced risk of coronary heart disease (CHD), consumption of soy-containing foods remarkably increased in the US (D'Adamo 2014). There is an increase demand and a market in protein-based beverages worldwide. Accordingly, the protein drink segment is expected to have the highest forecasted growth rate of 90 % and reach US $4.1 billion through the year 2018 due to continuing consumer interest in healthy and nutritious eating habits (Levesque 2014). Protein products have also become popular as ready-to-drink protein beverages, which are more appealing to time-crunched individuals who are also looking to improve their diets. Soybean is one of protein plant sources that contain all nine essential amino acid at levels as high as those from meat, milk, and egg (Ang et al. 1985; Tockman 2002) . However, native soy proteins cannot be used effectively as a supplement in beverages, especially acidic beverages, since it is largely insoluble and separates on storage (Cho et al. 2008) . Clarity is a challenge when formulating high-protein drinks since insolubility of native protein isolate is undesirable to consumers (Cho et al. 2008) . Previous research has shown that hydrolysates prepared from soy protein have better solubility and applicability in high protein products (Wu et al. 1998; Lee 2011; Nguyen et al. 2016; Meinlschmidt et al. 2016) . In addition, interest in protein hydrolysate incorporation in nutritional products has been increasing due to their effective digestion and faster gastrointestinal absorption compared to intact protein or free amino acids (Sun 2011) .
Another challenge faced by beverage developers when working with soy protein is lack of appealing flavor and presence of bitter taste (MacLeod 1988; Marinova et al. 2008; Sun 2011) . Bitterness has been a major limitation in utilizing protein hydrolysates in various products, especially in beverages (Cho et al. 2004 ). There are several methods to reduce or minimize bitterness of soy protein hydrolysates for food product application. This includes controlled hydrolysis, elimination of bitter peptides, exo-peptidase treatment, and the use of bitter blocking compounds as well as taste signaling modification (Sun 2011) . Each bitterness elimination method has advantages and limitations for applications, conversely a combined approach may be used to minimize any disadvantages that come along with each bitter removal technique. Use of appropriate bitter blocker agents along with sweeteners and flavor agents can overcome the unpleasant taste of soy protein hydrolysates (Sun 2011) .
Alcalase, a protease from Bacillus licheniformis, is the most common alkaline endopeptidase used for hydrolysis of food proteins for a wide variety of purposes (Vioque et al. 2000) . This enzyme cleaves most peptide bonds on the carboxyl side of hydrophobic amino acid residues and is widely used to prepare protein hydrolysates from various proteins including soy protein (Nguyen et al. 2016) . One of the purposes of using an alcalase hydrolysis, especially for preparation of soy protein hydrolysates is to obtain more soluble protein hydrolysates in a wide range of pH, particularly at mild acidic condition (Nguyen et al. 2016 ). However, undesirable bitter peptides might be formed in the hydrolysate that have an adverse effect to its taste for their application in acidic beverages. To validate the marketability of this alcalase soy hydrolysate in new food products, its physicochemical properties, sensory acceptability, and shelf-life aspect should be tested (Brown 2011) . Instrumental techniques can be used to analyze changes in physicochemical parameters including color, pH, and turbidity as well as microbial activity (Brown 2011) . Consumer acceptance and preference sensory test have been used as essential tools to evaluate the sensory attributes of new products as well as to ensure that the optimal final product formula has been achieved (Lawless and Heymann 2010; Fuller 2011 ).
The preliminary study showed that even though the hydrolysis was controlled and limited to minimize bitter taste peptides with better solubility at acidic condition it still has a bitter taste. This may have an adverse effect on the consumer acceptability of the protein beverage product using this SPH, and hence the need to develop a protein beverage formulation to mask bitterness. The objectives of this study were to determine shelf stability, sensory acceptability, and physicochemical properties of a proteinrich (20 g/serving) drink developed utilizing soy protein hydrolysate, prepared from non-GM soybean cultivar (R08-4004). Taking into account consumers' growing interest for non-genetically modified (non-GM) soy-based protein products, the basic premise for developing this drink, is to demonstrate the ability of the non-GM soybean cultivar (R08-4004) to produce protein-based products with reduced/no bitterness. SPI was prepared using an aqueous extraction method adopted from Rayaprolu et al. (2013) , while enzyme digested SPH was prepared following Nguyen et al.'s (2016) method. It gave 26 % DH (low molecular size peptides; \17 kDa) with the highest soluble protein yield (43 %) and lower surface hydrophobicity and bitter taste. Briefly, defatted soybean flour in deionized (DI) water (1:10 w/w) was adjusted to pH 9.5 to dissolve the protein.
Materials and methods

Materials and reagents
The solubilised protein was separated from other insoluble components by centrifugation (3000g for 20 min). The extracted protein was isoelectrically precipitated at pH 4.5 from the solution and then centrifuged followed by washing and freeze-drying to obtain SPI. For hydrolysis, SPI was dispersed in DI water (1:10 w/v), adjusted to pH 7.0, and pre-incubated to 50°C. The protein dispersion was added to alcalase to achieve the enzyme level of 1.0 AU (3.2 lL/g), and incubated for 120 min at temp of 50°C. The enzyme activity was inactivated at 90°C and kept for 5 min followed by cooling to ambient temperature before centrifugation. The supernatant was freeze dried and ground to get a fine SPH for further analysis.
Protein solubility
Solubility of SPI and SPH as a function of pH was determined using a method developed by Bera and Murkherjee (1989) . One gram of protein samples were dispersed in 25 mL of deionized (DI) water and adjusted to pHs ranging from 3.0 to 11.0 with either NaOH (0.1 N or 1.0 N) or HCl (0.1 N or 1.0 N). The dispersions were stirred at ambient temperature for 30 min and centrifuged at 10,000g for 10 min. The soluble protein contents of supernatants were determined by a Biuret spectrometric method. The percent protein solubility was calculated as follows: Solubility (%) = (protein content in supernatant/total protein content in sample) 9 100.
Bitterness masking study using Box-Behnken statistical design A Box-Behnken design (BBD) from JMP Pro 12.0 (at P value \0.05) was used to minimize the surface hydrophobicity (S 0 ) of SPH solution containing BB, MA, and stevia since the bitterness of proteins is directly proportional to their S 0 values (Wu et al. 1998 ). The concentration of BB, MA, and Stevia in SPH solution were selected as independent variables (coded: X 1 , X 2 , and X 3 respectively) and incorporated in the BBD with S 0 as the dependent variable (Y). Each coded factor was prescribed into three levels coded as -1, 0, and ?1 representing for low, intermediate, and high values respectively. S 0 was determined by a hydrophobic fluorescence probe binding method using 1-anilino-8-naphthalene sulfonate (ANS) as described by Hayakawa and Nakai (1985) . The effects of different concentrations of the three factors (BB, MA, and Stevia) on the S 0 of SPH solution (4 % w/v) were analyzed. The experimental values of S 0 were fitted into a full quadratic second-order polynomial equation by applying multiple regression analysis.
Beverage formulations
Three types of protein drinks were prepared in predetermined proportions using laboratory scale trials to optimize the formula for sensory and shelf stability evaluations. The drinks were prepared using 2 different bases: distilled water for tangerine flavor (beverage T) and mixed berries flavor (beverage MB), and brewed tea for Chai tea flavor (beverage C). Beverage MB was prepared with BB, MA, and sweetener based on their optimum levels with a minimum S 0 value. Beverage T was prepared with the lowest bitterness using citric acid that could mask the bitter note and tangerine natural flavor, while beverage C was developed based on the hypothesis that the bitter note derived from SPH could be harmonized with the expectable astringency and bitter carrier such as a tea drink. A control formula was also prepared with no additional flavor for comparison. The 4 beverages (including control) were prepared with the freeze dried SPH powder by slowly adding into distilled water or brewed tea while stirring. The sweetener, natural color and flavor agents were added as required for each formulation. The drink was mixed for 2-3 min to obtain a homogenous product. These freshly prepared drinks were filled into pre-sterilized glass bottle and pasteurized at 90-95°C with a 5 min holding time. The drinks were cooled to ambient temperature and stored in a refrigerator (5°C). Formulations for all the beverages are shown in Table 1 .
Sensory evaluation
Sensory evaluation of the flavored SPH beverages was conducted at the University of Arkansas Sensory Science Center (Fayetteville, AR, USA). A total of 61 untrained consumers (27 females and 34 males) ranging in age from 19 to 50 years (31 ± 7.8 years) participated in the sensory evaluation. All participants had neither clinical history of major diseases (e.g., diabetes, cancer, cardiovascular disease, or renal disease) nor allergy to soy products. The protein beverages were prepared one day before the scheduled date for sensory evaluation and kept in the refrigerator (4 ± 0.5°C). Approximately 20 mL of each beverage was placed in a soufflé cup (60 mL), identified with a 3-digit code, and covered with a plastic transparent lid. The participants evaluated all four beverages for appearance, odor, flavor, mouthfeel, and overall acceptance on 9-point hedonic scales ranging from 1 (''dislike extremely'') to 9 (''like extremely''). In addition, three sensory attributes, i.e., color, sweetness, and bitterness, were also evaluated using a 5-point ''Just-About-Right'' (JAR) scale (1 = ''much too light/much too weak'', 3 = ''JAR'', 5 = much too dark/much too strong''). Between each sample, panelists were asked to take a short 30 s break for palate cleansing with spring water and unsalted crackers.
Shelf stability
The three beverages (beverages T, MB, and C) were prepared and stored at 5°C for 42 days for shelf life tests. Microbiological and physicochemical characteristics were analyzed at day 1 before pasteurization (BP) and after pasteurization (AP) and throughout the shelf life period in biweekly intervals at day 14, 28, and 42. Microbiological evaluation included total plate count (TPC), and yeast and mold count. Tryptic soy agar (TSA) and potato dextrose agar (PDA) (Becton-Dickinson, Fraknlin Lakes, NJ, USA) were used for TPC and yeast and mold count, respectively. One hundred microliters of each sample were spread-plated onto either TSA or PDA plates after serial dilutions and incubated at 35°C for 48 h and 25°C for 72 h, respectively (Luvonga 2012) . The colonies were counted and recorded as colony forming units (CFU) per mL.
A Biuret method was used to determine the soluble protein content of samples during the storage. The turbidity or cloudiness was determined using a UV-Vis spectrophotometer (Shimadzu Model UV-1601, Kyoto, Japan) at 500 nm (Jiang et al. 2010; Lee 2011) . All sample were vortexed before testing.
The color change in the beverage samples were evaluated using an ''L Ã , a Ã , and b Ã '' Hunter Lab system. The L Ã value represents the lightness (0 = black and 100 = white), a Ã axis represents redness (þa Ã ) or greenness (Àa Ã ), and b Ã axis represents yellowness (þb Ã ) or blueness (Àb Ã ). The instrument (CR-300, Minolta Co., Ltd., Osaka, Japan) was calibrated with a standard white tile before the sample color readings. The recorded values were converted into DE Ã (total color difference) according to the following equation (Calvo 2004) :
Reference values were the values from the fresh beverages prepared on day 1 before pasteurization and sample values were the values from the beverages after pasteurization at 
, and ''great'' (6.0 \ DE Ã \ 12.0) (Cserhalmi et al. 2006) .
The pH of the samples (vortexed for homogeneity) was recorded using a pH meter (Orion 210A, Orion Research Inc., Boston, MA, USA).
Statistical analysis
Data from all the studies were subjected to one-way analysis of variance (ANOVA) using JMP Pro 12.0 software and reported as means of triplicate observations ± standard derivation. BBD was analyzed using a polynomial model equation for S 0 as follows:
where Y is the predicted response (S 0 ); b 0 is the model constant (intercept); b 1 , b 2 , and b 3 are linear coefficients; X 1 , X 2 , and X 3 are the coded levels of independent variables; b 12 , b 13 , and b 23 are cross-product coefficients; X 1 X 2 , X 1 X 3 , and X 2 X 3 are the interaction of independent variables' coded levels; b 11 , b 22 , and b 33 are the quadratic coefficients; and X 2 1 , X 2 2 , and X 2 3 are the quadratic terms. In addition, the quality of fit of the polynomial model equation was expressed by the coefficient of determination R 2 . For sensory evaluation data, a two-way ANOVA treating sample type and panelist as a fixed and a random effect respectively, was used to determine the variation due to sensory appeal among the protein beverages. If a significant difference of means was determined, post hoc comparisons between independent variables were conducted using a Tukey's honestly significant difference (HSD) test. A statistically significant difference was defined at P \ 0.05.
Results and discussion
Protein solubility
The profiles of SPI and SPH's solubility in the pH range between 3.0 and 11.0 were compared as shown in Fig. 1 . SPI had the lowest solubility (0.9 %) at pH 5 and the highest (93.1 %) at pH 10 while SPH had the lowest solubility (48.7 %) at pH 4 and the highest (98.3 %) at pH 7. These results show that SPH has significantly higher solubility than SPI in the pH range 3-11 evaluated (P \ 0.0001). Both SPI and SPH had relatively low solubility at pH 4.5 (isoelectric point) and higher solubility values at extreme pH values of 3 and 11. The differences in solubility between SPI and SPH can be explained by the hydrolysis process which exposed SPH hydrophobic portions of the protein structure to a larger extent. The solubility profiles of soy protein has been reported in several studies (Ruíz-Henestrosa et al. 2008; Bae et al. 2012) . As the pH changed, the hydrophobic amino acids were exposed at the isoelectric point which allowed the protein particles to dissociate from water (Boye et al. 2010) . Solubility of both SPI and SPH improved at alkaline pH with the highest solubility (98.3 %) for SPH at pH 7. The higher solubility of SPH is applicable in the beverage preparation.
Optimization to minimize surface hydrophobicity Box-Behnken design was used to find the optimal combination of BB (X 1 ), MA (X 2 ), and Stevia (X 3 ) for minimizing S 0 which is directly proportional to lowering bitterness (Wu et al. 1998) , particularly in preparing a mixed-berry flavored drink. The experimental values of S 0 were fitted into a full quadratic second-order polynomial equation. The regression coefficients were obtained to predict the polynomial model for S 0 when the values of BB, MA, and Stevia were substituted in the equation below:
Bitter blocker showed significant linear and quadratic effects in reducing the S 0 of 4 % SPH solution (P \ 0.0001), while Stevia and MA showed only linear effects (P \ 0.0001). The combination treatments including (BB 9 MA), (BB 9 Stevia) and (MA 9 Stevia) were statistically significant (P \ 0.001) according to the model. The contour plot of the response surface showed that BB was most efficient in reducing the S 0 of the SPH solution while Stevia had a minor effect. The model capability was examined using the F-test where ANOVA showed that the regression model was highly significant (P \ 0.001). An optimal combination of BB, MA, and Stevia was obtained by solving the above regression equation. The prediction profiler (Fig. 2) showed a minimum S 0 value of 9161.8 with the corresponding optimal combination of 1.46 % BB, 1.0 % MA, and 0.02 % Stevia. During the preliminary test, an increase in the bitter note of 4 % SPH solution was observed; this increase could be due to the increase in Stevia level higher than 0.02 % for sweeter taste. Hence, 0.02 % (w/w) pure Stevia powder was replaced with Truvia Ò , which is commercially available with its ingredients consisting of erythritol, Stevia leaf extract, and natural flavors. This improved the sweetness without increasing the caloric content in the beverages (Persinger 2014) . Erythritol, an alcohol sugar [(2R,3S)-butane-1,2,3,4-tetraol] naturally presents in melons and peaches in small quantities, is accepted as a sugar-replacement due to its low-calories, tooth-friendly, zero toxic effect, and off-taste masking effect (Hartog et al. 2010 ).
Sensory evaluation
The overall appearance of 4 beverages, including C, MB, T, and control, significantly varied according to the sensory panel evaluations (P \ 0.0001). Panelists liked the appearance of beverages MB and T the most among the 4 beverages tested (Table 2 ). In addition, the panelists noted significant differences in flavor attribute (P \ 0.0001), and overall, the panel liked better the flavor of beverage T. The 4 soy protein beverages significantly differed (P \ 0.0001) with respect to oral tactile attribute (mouth-feel) which was enhanced with the addition of flavors ( Table 2 ). The panelists liked the mouth-feel of beverage T overall the most.
As shown in Table 2 , the participants rated the color attribute of the control beverage as too light, while that of MB and T were recorded as 'just-about-right.' The color impression of beverage C was rated as too dark, which was implicit due to its formulation using prepared tea beverage. The 4 soy protein beverages significantly differed with respect to sweetness and bitterness (P \ 0.0001). Panelists rated the sweetness of beverages T and MB as 'just-aboutright' in comparison to control ('too little'). The control beverage was also rated as 'too much' for bitterness. However, bitterness for beverage T or MB was rated as 'JAR', indicating that the added flavors decreased the bitter intensity. The addition of citric acid for beverage T, and BB, MA and citric acid combination for beverage MB successfully reduced the bitterness of the high protein beverages. Similar results were demonstrated by Lee (2011) using alcalase-hydrolyzed soy protein formulated with lemon flavored sweet tea, indicating that citrus flavor or sour tasting ingredients might play an important role in minimizing bitter taste (Keast and Breslin 2003) . Additionally, Adler-Nissen (1986) demonstrated that citric acid could mask the bitter note of hydrolyzed proteins. The 4 Fig. 2 Prediction profiler of bitter blocker (BB), masking agent (MA), and Stevia concentrations (%) on surface hydrophobicity (S 0 ) in soy protein hydrolysate (SPH) solutions from Box-Behnken design (BBD); each treatment level was conducted in triplicates soy protein beverages significantly differed (P \ 0.0001) with respect to oral tactile impression (mouth-feel) which was enhanced by the addition of flavors (Table 2 ), but overall, the participants liked the mouth-feel of beverage T. Among the three flavored beverages, Chai tea flavor was the least. It may be due to that it is not widely popular among U.S. consumers.
Shelf life evaluation
Apart from consumer acceptability, shelf life of a food product is a significant factor for its successful commercialization. Shelf life of the three SPH flavored beverages was evaluated for microbial growth, soluble protein content, pH, turbidity, and color over a period of 42 days under a refrigerated storage (5°C) condition.
Yeast and mold were not detected on samples after pasteurization and during the storage period. The initial total bacterial counts in beverages C, MB, and T were 1.3, 1.3, and 1.2 CFU/mL, respectively, prior to thermal processing. Zero total bacterial counts were observed on samples after pasteurization and during the storage period. This demonstrated that the pasteurization process (90-95°C for 5 min) effectively inhibited the growth of bacteria, yeast, and mold.
The pH values of the three flavored SPH beverages over the storage period were determined and the data is presented in Fig. 3a, which shows that values were stable throughout 42 days of storage period. The pH among the flavored beverages varied due to the amount of citric acid added to their formulations. Beverage C, which did not contain citric acid, had the highest pH value (pH 6.4) among the three drinks. Beverage MB that was formulated with 0.26 % w/w citric acid had a pH of 5.0 and beverage T containing 0.5 % citric acid had a pH of 4.1. The low pH of the 2 beverages had potentially assisted in inhibiting bacterial growth.
The soluble protein content of the three SPH flavored beverages over the storage period are shown in Fig. 3b . The amount of SPH for preparing the three formulations was calculated as 22.7 g per 500 mL serving (based on 88.3 % protein content of SPH), which was equivalent to 45.4 mg protein/mL, to ensure the claim-20 g protein per container. At day 1 (BP), the soluble protein content of beverages C, MB, and T were 31.1, 22.4, and 17.8 mg/mL respectively. Differences in soluble protein content in among the beverages could be explained by the differences in pH. Higher pH contributed to a higher soluble protein in the product based on the solubility profile which is a function of pH that was shown in Fig. 1 . In beverage C, the amount of initial soluble SPH measured at day 1 (BP) at pH 6.4 was 31.1 mg/mL (68 % solubility) that was lower than the estimated soluble SPH at the same pH (37 mg/mL; 81 % solubility) based on the solubility profile (Fig. 1) . The presence of phenolic compounds in the tea base is expected to contribute to this change in solubility. The interactions between black tea tannin compounds, particularly theaflavins and thearubigins, with proteins are known to form insoluble complexes and decrease protein solubility (Frazier 2012; Ozdal et al. 2013 ). An insignificant difference was found in the soluble protein content of beverage C at day 1 before and after pasteurization which was 31.1 and 30.3 mg/mL respectively (P = 0.0970). Over the storage period, the soluble protein content in the beverage C decreased significantly (P \ 0001) during day 14-28 storage from 29.2 to 26.3 mg/mL and remained stable until day 42 (25.9 mg/mL). In beverage MB, the amount of initial soluble SPH measured at day 1 BP at pH 5.0 was 22.4 mg/mL (48 % solubility) that was lower than the estimated soluble SPH of at the same pH which was 25 mg/mL (56 % solubility) as observed in Fig. 1 . This could be due to the interactions between compounds found in BB and MA with the protein, leading to the lowered protein solubility. Similar to beverage C, an insignificant difference was observed in the soluble protein content of beverage MB before and after pasteurization (P = 0.0998), but dropped significantly from day 14 to 28 which was 19.4 and 16.9 mg/mL respectively, and was stable until day 42 (16.6 mg/mL). In beverage T, the amount of soluble SPH at day 1 BP (pH 4.1) was 17.8 mg/mL (40 % solubility) which was slightly lower than the estimated value at same pH (22 mg/mL; 49 % solubility) derived from Fig. 1 . This beverage has a pH value close to the isoelectronic point (pI is at pH 4) of SPH that could explain the lowest soluble protein among the three formulations. Unlike the other two flavors, the soluble protein content of beverage T significantly decreased to 16.6 mg/mL after pasteurization (P = 0.0018). Throughout the storage period the soluble protein content of beverage T continued to drop-15.6 mg/ mL on day 14 (P = 0.0030) and 14.3 mg/mL at day 28 (P = 0.0013), but remained stable until day 42 (14.2 mg/ mL) (P = 0.6140). Overall significance of this study is that the soluble protein content over the storage time in the three beverage formulations stabilized from day 28 of storage. The effect of pH played an important role in protein solubility during the storage period; high-acid beverages T and MB had lower soluble protein content while low-acid beverage C had higher soluble protein content.
The turbidity values of the three SPH flavored beverages over the storage period are shown in Fig. 3c . Turbidity is supposed to be directly proportional to the amount of SPH that precipitated over the storage period. Among the three formulations, the turbidity values of beverage C were the lowest but increased significantly from 1.9 at day 1 (BP), 2.9 at day 14 (P \ 0.0001) and 3.0 at day 28 (P = 0.0133). The turbidities of beverages T and MB were 3.1 and 3.5 respectively, which did not change (P = 0.4609 and 0.0438 respectively) throughout the storage study. Turbidity is supposed to be directly proportional to the amount of SPH that precipitated over the storage period. This decrease of the soluble protein over the storage period was in agreement with the study on SPH fortified black tea by Lee (2011) .
The color of the three SPH beverages over the storage period (day 1-42) are shown in Table 3 as L Ã , a Ã , b Ã values and Fig. 3d as DE Ã value which can be classified as ''not noticeable'' (0-0.5), ''slightly noticeable'' (0.5-1.5), ''noticeable'' (1.5-3.0), ''well visible'' (3.0-6.0), and ''great'' (6.0-12.0). In beverage C, DE Ã values (Fig. 3d ) showed significant differences throughout the storage time (P \ 0.0001), with most noticeable changes in total color during the last 14 days (from day 28 to 42) of storage (0.5 \ DE Ã day 42 = 0.87 \ 1.5). The slightly noticeable color change in beverage C could be due to the accumulation of brown-dark/reddish colored pigment compounds found in Chai tea, such as theaflavins and thearubigins (Harbowy and Baletine 1997). In beverage MB, the DE Ã values increased significantly throughout the storage time (P \ 0.0001) and indicated that noticeable changes in color were observed after pasteurization (1.5 \ DE Ã day1 ðAPÞ = 2.13 \ 3.0) and at day 28 (1.5 \ DE Ã day 28 = 1.59 \ 3.0). Slightly noticeable change in color was observed at day 14 (0.5 \ DE Ã day 14 = 0.89 \ 1.5) and at day 42 (0.5 \ DE Ã day28 = 1.03 \ 1.5). The noticeable color changes of beverage MB was expected since the stability of natural color, particularly cochineal, was generally lower than that of synthetic food colors (Downham and Collins 2000) . In addition, the precipitation of color and SPH after heat treatment and during the storage time might be due to the reactions between proteins and natural color compounds caused by the changes in their dissimilar colloidal matrix. As seen in the other two formulations, the DE Ã in beverage T increased significantly throughout the storage time (P \ 0.0001). It also indicated that visible changes in total color were observed right after pasteurization (DE Ã day1st ðAPÞ = 3.0 \ 6.0). Other noticeable changes in color were observed at day 14 (1.5 \ DE Ã day1 4th = 2.85 \ 3.0) while slightly noticeable changes were observed at both day 28 (0.5 \ DE Ã day28th = 0.66 \ 1.5) and day 42 (0.5 \ DE Ã day 42nd = 0.94 \ 1.5). The wide range of the total color change for beverage T was expected due to the un-stabilized vegetable-based color, particularly annatto, used in this product.
Conclusion
This study demonstrated that controlled alcalase SPH from a non-GM soy cultivar has a potency to be used as an ingredient in the flavored protein drink formula. Although a decrease in protein solubility and color changes were observed during storage, overall, the protein beverages were stable without pH changes and bacterial contamination. The results of this study also showed that the use of citric acid alone or a combination of BB and MA were effective in minimizing the bitter note caused by the limited enzymatic hydrolysis. The sensory analysis showed significant differences in overall acceptability for the three flavors. Among the three flavors, tangerine flavored beverage was most preferred followed by mixed berries. Since the consumer trend for soy-based products, especially from non-GM source, has been increasing in recent years, these findings are relevant for developing formulations of protein-rich beverages. Inclusion of other consumer acceptable flavors including strawberry, blueberry, or orange with enhanced protein content, natural flavor and lowered bitterness can be part of further research.
